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This paper observes the short-run effects of stock market index composition changes 
on stock returns on the Zagreb Stock Exchange (ZSE). In that way, event study 
methodology is employed in order to estimate abnormal returns and compare them 
amongst three subsets of stocks: those leaving the market index, those entering it, and 
constantly included stocks. The research included 14 regular and extraordinary 
revisions of the market index in the period from January 2nd, 2015 until March 21st, 
2018. The results have confirmed two research hypotheses: stock exclusions from the 
market index have a negative effect on stock returns on the ZSE, which is consistent 
with the price pressure hypothesis; and there exist asymmetric effects of index 
composition changes on stock returns. This is the first study of this kind on the Croatian 
stock market, thus more questions need to be answered in future research. 
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Event study methodology has become very popular in the last 20 years in order to 
obtain insights into the effects of (un)expected economic, political and other events 
and announcements on stock returns. It is also a useful tool for evaluating the validity 
of the (weak form of) Efficient Market Hypothesis (EMH henceforward, see Fama (1965, 
1970). Since the EMH states that new information on stocks and firms incorporates very 
quickly into stock prices, almost instantaneously, there are no possibilities to obtain 
abnormal profits on the stock market in the long run. This study focuses on the 
announcements of stock market index structure revisions and their effects on the stock 
returns on the Zagreb Stock Exchange (ZSE). In that way, insights can be made on the 
investors’ anticipations on the market and possibilities to obtain extraordinary returns. 
This means that in the short term, stock price changes can be forecasted and 
anticipated in the correct direction. In that way, portfolio restructuring could be 
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market times and/or increase the portfolio value when the good market time is 
anticipated. Since there exist funds, which try to minimize their tracking error regarding 
market portfolio, the changes in market index composition can affect their stock 
demand curves in the short and long run. Thus, some information can be obtained on 
ZSE market participants’ stock demand curves. 
The purpose of this study is twofold. Firstly, an overview of relevant theoretical and 
empirical research will be summarized in order to inform (potential) investors on the 
mentioned topic. The second purpose is to empirically evaluate the effects of market 
index revision announcements on stock returns on ZSE. This is the first study in Croatia 
which observes short-run changes in stock demand curves by using event study 
methodology. The following research hypotheses are tested in the study. The first 
hypothesis states that stock exclusions from the market index have a negative effect 
on stock returns on ZSE. The second hypothesis states that there exist asymmetric 
effects of index composition changes on stock returns. This means that stock inclusions 
and exclusions in and from the market index do not have the same effect on stock 
returns. Investors do not perceive inclusions and exclusions of stocks identically, which 
leads to different rates of increase or decline of stock returns around the 
announcement date. 
Several hypotheses have been developed over the years which try to explain the 
effects of stock market index structure changes on the stock prices. These hypotheses 
have been developed by observing the S&P500 index; however, after the research of 
Lynch and Mendenhall (1997), this type of study has been extended for other markets 
as well (Duque, Madeira, 2004). The most prominent hypotheses which have been 
theoretically and empirically observed in the past three decades are as follows. The 
price pressure hypothesis (PPH), firstly developed in Scholes (1972) and Kraus and Stoll 
(1972), states that stocks have a short-term downward sloping demand curve. Thus, 
demand shocks due to indexing should affect stock prices momentarily, but the shock 
should disappear when the excess demand is satisfied. Elliott et al. (2006) explain that 
market frictions create short run constraints on the market, which results in a price-
pressure effect. This hypothesis is closely related to index funds which aim to minimize 
the tracking error, due to changes in index composition which have consequences 
on the demand and trading activity of those funds. However, PPH does support the 
EMH in the long run, because PPH assumes that all of the frictions occur only in short 
run and no permanent shifts of stock demand curve are made in the long run. The 
second hypothesis is called imperfect substitutes hypothesis (ISH) or the long-term 
downward sloping demand hypothesis. Shleifer (1986) explains that demand shocks 
should be permanently reflected in excess returns if stocks have a long term 
downward sloping demand curve. This is contrary to the Capital Asset Pricing Model 
(CAPM), where demand curves for stocks are horizontal due to prices entirely 
reflecting the market’s perceptions of risks and returns. Thus, in a CAPM setting, 
investors can change their portfolio structure using almost perfect substitutes (Kraus, 
Stoll 1972). In the ISH setting, stocks are no longer perfect substitutes, because stocks 
which are added to the index are not viewed as stocks which are not added to the 
market index. Thus, the long run demand curve is inelastic and downward sloping. 
More details can be found in Kaul et al. (2000), Blume and Edelen (2002) and Wurgler 
and Zhuravskaya (2002). 
The liquidity hypothesis (LH, or information cost hypothesis, ICH) deals with stocks 
which enter the market index. Their returns could decline and there are several 
reasons. Hegde and McDermott (2003) explain that returns of those stocks decline due 
to their inclusion in the index as they become more liquid. Chen et al. (2004) consider 
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stocks which enter the market index, which contributes to the increase of their liquidity. 
It can be said that investors demand an extra premium for holding stocks which are 
not in the market index due to them having higher transaction costs and having less 
available information on those stocks. The fourth hypothesis is the increased 
awareness hypothesis (IAH, or attention awareness hypothesis, AAH), developed in 
Merton (1987). Here, it is assumed that investors are not aware of all investment 
possibilities on the stock market. When a stock of which investors were not aware of 
enters the market index, they get more informed about that stock. Including that stock 
in their portfolios, leads to decline in stock’s return because investors demand a higher 
return for bearing the idiosyncratic risk. Certification (or information signalling) 
hypothesis (CH, ISH) is explained as follows. When a stock enters the market index, 
investors’ expectations about future cash flows of the firm get higher (Dhillon, Johnson, 
1991). So, the addition to the market index is considered as good news and deletion 
as bad news. Jain (1987) states that a firm needs to signal something positive about 
future prospects after being added to the index. 
As can be seen, the explanations are quite diverse by focusing on the short or long 
run, the liquidity of the stocks on the market, investors’ awareness, etc. This research 
will primarily focus on the short term effects on stock returns in order to examine 
whether there exist any effects on the stock returns on ZSE. The second section gives 
an overview of the previous relevant empirical research. Afterward, the third section 
describes the methodology used in the study. Fourth section deals with empirical 
results and interpretations. The final, fifth section concludes the research with 
recommendations for future research. 
 
Previous research 
The literature on effects associated with changes in index structure is extending 
rapidly, especially in the last couple of years. The majority of first empirical papers to 
emerge observed the American market. Early work consists of Shleifer (1986), Harris 
and Gurel (1986), Jain (1987), Lynch and Mendenhall (1997), Erwin and Miller (1998), 
Hegde and McDermott (2003), Chen et al. (2004), etc. In the last couple of years, 
studies of European and Asian markets have been emerging as well. The majority of 
the literature focuses on the short term effects of inclusion/exclusion to/from the 
market index and utilize the event study methodology. If more data is available, such 
as liquidity, bid-ask spreads and similar characteristics, regression models are applied 
as well in order to distinguish the effects for different types of stocks.  
Shleifer (1986) examined the effects of entering the S&P500 index on stock returns 
in the period 1966-1983 by using event study methodology and regression analysis. 
Results indicated that around announcement days returns on entering stocks rise and 
stay high up until 10 days after the announcement day. The liquidity of those stocks 
rises as well, and the author concludes that in the short run, the demand curve for 
stocks is downward sloping. Harris and Gurel (1986) observed price and volume 
reactions regarding announcements on restructuring S&P500 (period 1973-1983). 
Authors concluded that PPH stands, due to a large increase in volume and price on 
the first trading day after an addition to the index. However, the effects are reversed 
after two weeks, which supports the short-run validity of the hypothesis. Jain (1987) also 
observed the S&P 500 index and its stocks (for the period 1977-1983) by employing the 
event study methodology. The author observed both the short and long run and 
determined that stocks added to the market index experienced an excess return of 
+4% on the first trading day after the announcement, whilst stocks exiting the index 
experienced loss of 1%. Jain (1987) explained the results that the S&P prefers stable 
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provided an analysis of S&P stocks for the period 1989-1995 via event study 
methodology. They simultaneously test for four hypotheses (above mentioned in the 
introduction, with the exception of the CH. The study was very extensive, including 
price and volume trading data. Main findings include a significantly positive effect on 
the announcement day for stock additions (with an abnormal return of +3.8%) and 
negative for exclusions. This was one of the first studies to observe stocks which exit the 
market index alongside entering stocks. Erwin and Miller (1998) observed the S&P500 
stocks for the period 1984-1988 and examined changes in stock liquidity measured by 
the bid-ask spread. The bid-ask spread decreases for stock additions to the market 
index, as accordance with the liquidity hypothesis. 
Some of the research not focusing only on the American stock market is the 
following. Mase (2007) states it was the first study to carry out both short and long term 
testing. The author observed the FTSE 100 index stocks in the period from 1992 to 1999. 
In the study, a buy and hold strategy for the long run was conducted. Results showed 
that deletions from the market index lead to abnormal losses (more than 16% loss) in 
three years, while the additions lead up to more than +17% abnormal returns. 
Moreover, the author confirmed significant short term cumulative abnormal returns as 
well for stock additions. Bechman (2004) focused on the Danish market (KFX index, 
period 1989-2001). The author found that deleted stocks suffer from abnormal returns 
of -16% six months after the announcement day, as well as a decrease in trading 
volume. On the other hand, stocks which have entered the market index resulted with 
5% abnormal returns, which the author justifies with the ISH and the LH hypotheses. 
Gregoriou and Ioannidis (2006) observed the FTSE 100 index over the period 1984-2001. 
The difference of this study compared to Mase (2007) is that research from 2006 
observed short term effects of index inclusion. Gregoriou and Ioannidis (2006) find 
evidence in favour of LH because of prices and trading volumes of firms which enter 
the market index increase. The opposite was found to be true for stocks leaving the 
FTSE index. Vespro (2006) explored effects index composition changes of the French 
market (CAC40 and SBF120) along with the UK market (FTSE100) for the period 1997-
2001. Results support evidence of PPH and no evidence in favour of other hypotheses 
(mentioned earlier): share prices overreact to non-information, but the result is short 
lived. Gregoriou (2011) also observed the CAC40 index (with almost the same time 
sample size as Vespro (2006), from 1997-2001). The results are a bit different compared 
to Vespro (2006), due to observing the bid-ask spread as the main focus of measuring 
liquidity. Gregoriou (2011) finds improvements in liquidity of stocks due to addition to 
the market index. The study concludes that investors on the French market demand a 
larger risk premium for investing in those stocks on which they have less available 
information. Oberndorfer et al. (2013) focused on the German stocks which constitute 
DJSI STOXX index (sustainability index) between 1999 and 2002. Authors also observed 
the short run, as the majority of previously mentioned research. Findings suggest that 
investors penalize the inclusion into the market index (abnormal returns are losses of -
2% five days after the event date). In other words, results show that higher corporate 
environmental or social performance (inclusion in the DJSI) is not financially rewarded 
on the market. They try to reason such results as a symbolic action. Namely, such 
reaction of investors is actually a reaction to institutional pressures which require firms 
to do certain changes regarding business sustainability which leads to additional 
unproductive costs. A detailed discussion on other relevant literature on this topic is 
given in Duque and Madeira (2004). 
Work in Croatia is, unfortunately limited. Only two papers, which can be considered, 
connected to this area are Miletić (2011) and Škrinjarić and Orlović (2019). Miletić 
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announcements on stock prices on Zagreb Stock Exchange in the period 2007 – end 
of 2009. The stocks sample was divided into three subsets: first one consisted of firms 
which announcement increase of dividends, second of those who announced a 
decrease of dividends and the third group included those with no change in 
dividends. The results showed that there exists a positive significant effect of increase 
dividend announcements on price changes on the Croatian market. Škrinjarić and 
Orlović (2019) focused on the political events regarding the concern Agrokor at the 
beginning of 2017. Authors utilized the event study methodology by dividing stocks on 
Zagreb stock exchange into two groups: the first group of stocks consisted of those, 
which belong to companies within the Agrokor concern and the other group of other 
liquid stocks. Results indicated that selected events regarding the Agrokor crisis have 
affected the first group of stocks (Agrokor ones) suffered from lowering returns in the 
spring of 2017, whilst other stocks were not affected significantly. Other studies of the 
effects of announcements and political and economic events effects on stock returns 
do not exist. Thus, a lot of unanswered questions remain to be explored. 
 
Research methodology 
Event study methodology consists of several steps. Here, we follow MacKinlay (1997) 
and Kothari and Warner (2007) in describing the main elements of this methodology. 
Actual returns of i-th stock at date t are denoted with ri,t and abnormal returns of i-th 
stock at date t with ARi,t, which are calculated as: 
 ARi,t=ri,t – E(ri,t|Ωt),  (1) 
where E(ri,t|Ωt) is the conditional return of i-th stock at date t based upon information 







𝑡=1  (2) 
or estimated via market model: 
 E(ri,t|Ωt)= E [αi + βrM,t + εi,t],  (3) 
where rM,t denotes stock market index return at date t and εi,t is the error term of i-th 
stock at date t, εi ~ N (0, 𝜎𝑖
2). Relation (2) or (3) is estimated in the so-called pre-event 
window and (1) is calculated in the event window. Lengths of the pre-event (T) and 
event window (T') vary in literature and depend upon the observed events and data 
availability. However, short length event window tests have high power and low 
sensitivity of the test statistic specification to assumptions about the expected returns, 
but there exists high sensitivity of test to the sample size of stocks included (see Kothari 
and Warner 2007 for a detailed discussion). Since this research deals with a specific 
question on the inclusion or exclusion of stocks in the market index, the sample size of 
each group is limited. One research which deals with small sample sizes in event 
studies is Bartholdy et al. (2007). Authors find that small samples could result with 
profound results and they advise to use non-parametric tests if possible, especially 
when using thinly traded stocks. 
The main hypothesis which is tested is whether the observed event has significantly 
affected stock returns. A test can be conducted by observing average abnormal 
return in the event window𝐴𝑅̅̅ ̅̅ 𝜏, 𝜏 ∈ 𝜏𝑠𝑡𝑎𝑟𝑡 , … , 𝜏𝑒𝑣𝑒𝑛𝑡, … , 𝑇′, calculated as 





𝑖=1 ,  (4) 
with its variance 





𝑖=1 , (5) 
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which asymptotically (with respect to the number of stocks I) follows a standardized 
normal distribution with zero value of expected value under the null hypothesis. 
MacKinlay (1997) states that it is necessary to aggregate in order to provide useful test 
results. This is why abnormal returns are aggregated across stocks by calculating 
cumulative abnormal returns 𝐶𝐴𝑅̅̅ ̅̅ ̅̅ 𝜏 as 
 𝐶𝐴𝑅̅̅ ̅̅ ̅̅ 𝜏 = ∑ 𝐴𝑅̅̅ ̅̅ 𝜏
𝜏
𝜏=𝜏𝑠𝑡𝑎𝑟𝑡 ,  (7)  
with variance 
 𝑣𝑎𝑟(𝐶𝐴𝑅̅̅ ̅̅ ̅̅ 𝜏) =
1
𝐼2
∑ 𝑣𝑎𝑟(𝐴𝑅̅̅ ̅̅ 𝜏
𝐼
𝑖=1 ).   (8) 
for every day in the event window. Now, the null hypothesis can be tested using value 
  𝜃1
𝐶𝐴𝑅̅̅ ̅̅ ̅̅ 𝜏
𝑣𝑎𝑟(𝐶𝐴𝑅̅̅ ̅̅ ̅̅ 𝜏)
~ 𝑁 (0,1). (9) 
When dealing with a smaller number of stocks, non-parametric tests are advised to be 
used, such as the sign test. Sign test requires that (cumulative) abnormal returns are 
independent across stocks. Thus, the null hypothesis assumes that: p ≤ 0, where p 
denotes the number of stocks with P(CARi)≥0 (i.e. proportion of positive abnormal 
returns). Test statistic is then given as: 







where the number of stocks with P(CARi)≥0 is denoted with I+. More details on event 
study methodology can be seen in Corrado (2010). 
 
Empirical results and discussion 
Daily data on stock prices of stocks which constitute market index CROBEX and value 
of the market index was collected from Zagreb Stock Exchange (2018). The observed 
period is January 2nd, 2015 until March 21st, 2018. Each stock and market index return 
was calculated as a continuous return. Next, news announcements of ZSE on regular 
and extraordinary revisions of the structure of CROBEX have been collected from ZSE 
(2018) as well. In the observed period, there were in total 14 regular and extraordinary 
changes in the CROBEX index structure. Dates of the announcement days of the 
change with the number of stocks in the index are shown in Table 1.  
 
Table 1 Dates of extraordinary and regular changes of CROBEX structure 
Announcement day Number of stocks 
January 19th 2015 24 
 March 6th 2015 29 
July 31st 2015 18 
September 4th 2015 24 
October 27th 2015 21 
January 20th 2016 19 
March 3rd 2016 25 
September 8th 2016 25 
November 8th 2016 20 
March 6th 2017 26 
May 8th 2017 18 
June 9th 2017 18 
September 8th 2017 17 
March 7th 2018 17 
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The number of stocks varies over time, with a total of 32 stocks, which entered the 
market index, 279 stocks, which were constantly in the index (i.e. stocks are being 
repeatedly in the structure; however, for formal testing, stocks have to be observed as 
different entities which results with 279 “different” entities), and 32 stocks, which have 
left the market index. Some of the stocks have re-entered the market index return. In 
that way, the subsamples have repeating stocks in them for different time periods. The 
three subsamples of stocks will be denoted as follows: the first subsample is called 
“leaving”, second “no change” and third “entering” stocks. 
For the pre-event window, a length of 59 days was chosen for the estimation of the 
model (3). Although MacKinlay (1997) recommends using 120 days for the pre-event 
window length, we had to take into account that a minimum of 10 days has passed 
after the change of CROBEX structure, which was before the date January 19th, 2015, 
as the first announcement date in the research. Shorter pre-event window is based 
upon excluding the previous rebalancing of the CROBEX structure, so that the initial 
model does not include the effects from the previous rebalancing. MacKinlay (1997) 
recommends the mentioned 120 days mostly for mergers and acquisitions; thus the 
length of the pre-event window varies in the literature. Based on the estimates of the 
model (3), forecasts were made for each stock in the observed event periods. These 
forecasts E(ri,t | Ωt),were subtracted from the actual values of returns ri,t in order to 
calculate abnormal returns. A length of 21 days was chosen for the event window, in 
order to observe the results of testing the hypothesis “announcements on changing 
the structure of CROBEX does not affect return series significantly”: 10 days prior the 
announcement day (event day) and 10 days after. In that way, short-term changes 
will be observed as an initial point to explore if any effects exist on ZSE. 
The results are shown for all three groups of stocks in Table 2. It can be seen that the 
null hypothesis cannot be rejected in the case of all three subsamples of stocks when 
using test value in (9). Although, the test value is negative for the leaving stocks 
subsample for the entire event window, which means that average value of return 
series was negative in each day (this is confirmed by observing the cumulative 
abnormal return in the third column of each subgroup). This is in accordance with the 
price pressure hypothesis. In the short run, which is observed in this study, the demand 
curve of stocks on ZSE could be downward sloping. The test value is negative for 
entering stocks before the announcement day and positive after the event day. This 
could be in line with the liquidity hypothesis. Since stocks which enter the CROBEX 
index are those which are most liquid (one of the rules for entering the index on ZSE), 
their transaction costs get lower and those stocks become less expensive.  
By observing the results of the non-parametric test and test value in (10), we obtain 
significant results for every day for leaving stocks. The test values are statistically 
significant and negative. Value gets lower as we approach the event day, meaning 
that some information on stocks leaving the market index is leaking towards the 
investors. The test value also rejects the null hypothesis after the event day, which 
means that announcements on leaving the market index are perceived negatively 
amongst investors, who then try to sell those stocks and making lowering price 
pressures. In that way, the first research hypothesis is confirmed. 
There are no effects on stocks which do not enter nor leave the market index by 
observing the results of the second test as well. Thus, it can be concluded that 
announcements of other stocks leaving or entering the market index do not affect the 
second group of stocks on the Zagreb Stock Exchange. The entering stocks group has 
some significant values of the test value (10) which confirms the aforementioned 
liquidity hypothesis. Columns denoted with indicate the value of the average 
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day, the leaving stock group has a cumulative loss of 4.63%, which is much lower 
compared to the other two groups. The result is consistent with previous studies and 
even gets worse as the post event days go further to the end of the +10 day window. 
 
Table 2 Results of testing the hypothesis of no effects of announcement news on 
stock returns 
Day 
Leaving stocks No change stocks Entering stocks 

















































































































































































































































































































































Note: *, ** and *** denote statistical significance on 1%, 5% and 10%. 
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Figures 1-4 Cumulated abnormal returns for the subsets of stocks on ZSE 
Note: Lower and Upper denote lower and upper bands of interval estimation at 95% 
confidence level. 
Source: author’s calculation. 
 
Graphical representation of cumulated abnormal returns is shown in Figures 1-4. 
Figure 1 compares 𝐶𝐴𝑅̅̅ ̅̅ ̅̅ 𝜏 for every subsample of stocks in the observed period for all 
of the event windows. A significant negative cumulative abnormal return is prominent 
for the stocks leaving the market index, whilst positive returns can be observed for the 
other two groups of stocks after the event day. However, these returns were not 
statistically significant. Nevertheless, the asymmetric effects of inclusion or exclusion 
are quite visible. By looking at the no change group of stocks graph, the abnormal 
return path follows the assumption in EMH. There is an instantaneous mild shift of the 
value of abnormal return, with no constant increase or decrease. Additionally, a t-test 
was performed in order to compare the rate of return change for stocks leaving and 
entering the market index. In that way, the second research hypothesis could have 
been tested. The empirical test value is equal to -2.17 with the corresponding two-tail 
test p-value of 0.04, which rejects the null hypothesis of equal rate of return change. 
In other words, the second research hypothesis was confirmed as well, there exist 
asymmetries in stock return behaviour around the announcement dates. 
 
Conclusion 
The debate on stock index entrance and exit of individual stocks and the effects on 
stock prices has been ongoing for quite some time now. The event study methodology 
was found useful to provide answers regarding stock demand curve slope, both in the 
short and long run. By assessing the information on the aforementioned effects, 
(potential) investors can get insights into the general picture of the stock demand 
curve and the potentials of substituting their stocks in portfolios. Moreover, based upon 
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anomalies in return series do exist. This initial research on stock market index 
composition changes effects on stock returns in Croatia focused on three basic 
subgroups of stocks. The most common group observed in the literature is the entering 
group, with the majority of theoretical approaches focusing on them. The results for 
the observed period on ZSE show that there exists a positive shift of abnormal returns 
for this group of stocks after the announcement day, however, it was not statistically 
significant. Negative abnormal returns for this first group before the announcement 
day could be consistent with the liquidity hypothesis. Stocks leaving the market index 
exhibit significant negative returns. This result is consistent with previous studies and 
with the information hypothesis. In that way, there exist to some extent possibilities to 
obtain trading profits in the short run due to the behaviour of cumulative abnormal 
returns for each subgroup of stocks. The results are important for all current and 
potential investors who aim to optimize values of their portfolios on the Zagreb Stock 
Exchange. Moreover, the results are important for companies to predict how investors 
perceive those companies when announcements on including or excluding from the 
market index occur. Thus, when a company predicts inclusion to of exclusion from the 
index, it should signal different signals to (potential) investors, in order to obtain optimal 
results regarding stock price increase/decrease. 
Some of the pitfalls of the study were as follows. Effects of index restructuring have 
been observed only in stock returns. Liquidity and volatility can also be observed in 
order to obtain information on their changes relative to restructuring announcements. 
However, there are many problems with measuring the liquidity of stocks on a market 
such as the Croatian (please see Minović (2012) and Vidović (2013) for more 
information). Future research will be extended by including more revisions of the stock 
market index, so a relevant number of extraordinary revisions can be separated as a 
special type of subsample in order to compare the results with the regular revisions. 
Moreover, the date when the index composition changes will be observed as the 
announcement date as well. Although the researched hypotheses in this study regard 
stock return, future work can observe the effects on return volatility as well. Since the 
purpose of this study was to summarize the main theory results and obtain a first insight 
whether any effects exist in returns on ZSE, there remain many questions to explore in 
future research as well. Thus, future work should explore sector effects of the topic 
explored here, the longer time spans can be observed as well, due to looking at long-
term demand. Moreover, the volatility series and volatility reactions have to be taken 
into consideration as well, due to risks being important to investors as well. 
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